We used data collected from 1979 to 1998 at Powdermill Biological Station in southwestern Pennsylvania to explore the relationship between Cuterebra (botfly) and white-footed mice (Peromyscus leucopus), deer mice (Peromyscus maniculatus), and eastern chipmunks (Tamias striatus). Overall, P. leucopus and P. maniculatus exhibited similar levels of botfly infestation (as measured by prevalence), while T. striatus showed greater prevalence than the mice. Adult P. leucopus and T. striatus exhibited greater prevalence than juveniles, and adult and juvenile P. maniculatus showed similar prevalence levels. Male and female prevalence was similar in each species. Botfly-infested individuals tended to remain significantly longer in the trapping area than noninfested individuals and were more likely to meet our criteria for ''residents'' than were noninfested individuals. We question the relative impact of botflies on individual survival in these species.
Cuterebrid botflies parasitize a broad array of mammals from primates to lagomorphs (Catts 1982) . In deciduous forests of the eastern United States, Peromyscus leucopus (white-footed mouse), Peromyscus maniculatus (deer mouse), and Tamias striatus (eastern chipmunk) are common hosts to botfly species, and all 3 species appear to have evolved a close relationship with botflies (also called warbles). Cuterebra fontinella is known to infest both P. leucopus and P. maniculatus, C. approximata infests P. maniculatus, and C. emasculator is specific to T. striatus (Sabrosky 1986 ). Botflies lay their eggs at the entrance to the burrows of the small mammals where the body heat of the passing mammal facilitates the hatching of the eggs. The larvae emerge and move onto their host. Newly hatched larvae enter the host through the eyes, nose, or mouth and migrate subcutaneously to the site of maturation (Catts 1982) .
Although the impact of botfly infestation has been studied extensively in P. leucopus and P. maniculatus, few studies have focused on the relationship between T. striatus and botflies. Most of the research on P. leucopus and P. maniculatus suggests that the botflies cost them little in terms of fitness Webster 1973, 1974; Karasov 1991, 1994; Smith 1978; Timm and Cook 1979; Timm and Lee 1981) . However, all such studies and several related investigations as well have been conducted over relatively short periods (mostly 1-4 years). To date, no longterm patterns of botfly infestation have been reported. Such long-term observations may be necessary for determining the periodic, perhaps rare impact of these parasites on their host and the potential for botflies to regulate host populations.
In this study, we report on a long-term trapping study conducted from 1979 to 1998 on a permanent trapping grid at Powdermill Biological Station in southwestern Pennsylvania. We report on patterns of botfly infestation and its effects on residence time and survival of T. striatus, P. leucopus, and P. maniculatus. We hypothesize that botflies may impact survival and residence time in ways that were undetectable in previous short-term studies.
MATERIALS AND METHODS
Our study is an analysis of a 20-year trapping effort that is featured as a long-term mammal data set (no. VCR99062) from the Powdermill Biological Station at the Virginia Coast Reserve Long-Term Ecological Research Web site (http://www.vcrlter.virginia.edu/ data.html). The interior-forest site is located at the field station of the Carnegie Museum of Natural History in the Allegheny Mountains Section of the Appalachian Plateau Province in southwestern Pennsylvania (408109N, 798169W; elevation 450 m). The site is dominated by beech (Fagus grandifolia), sugar maple (Acer saccharum), yellow poplar (Liriodendron tulipifera), cucumber tree (Magnolia acuminata), and red oak (Quercus borealis) (see Merritt . Our data set incorporated 42,000 entries derived from mark-recapture study on a permanent 1-ha trapping grid. Stations were 10 m apart with 2 Sherman live traps (7.6 Â 8.9 Â 30.4 cm; H.B. Sherman Traps, Inc., Tallahassee, Florida) set at each station (200 traps total). Trapping periods lasted 4 consecutive days and were conducted at 2-week intervals from September 1979 to December 1985 and at 4-week intervals from January 1986 to December 1998. For each capture, we identified the individual to species, individually tagged it (#1 monel tags from National Band and Tag Company, Newport, Kentucky), and recorded its body mass, sex, age class, date and location of capture, reproductive status, and the presence of botfly parasites. All animals were treated in accordance with the guidelines approved by the American Society of Mammalogists (Animal Care and Use Committee 1998). Although a number of species were captured, our analyses are restricted to the 3 most abundant species: P. leucopus, P. maniculatus, and T. striatus.
Our analyses included botfly prevalence (i.e., percentage of captured individuals infested, sensu Margolis et al. 1982) as well as the relationship between infestation and both host survival and length of residence. Because botflies were found on the rodents only from August through November, we calculated prevalence for only those months.
To compare botfly prevalence between gender and age class within a species, we defined adult Peromyscus as !13 g and/or in reproductive condition, as indicated by scrotal or inguinal testes, pregnancy, open vulva, or large nipples. Juvenile mice were those that were nonreproductive and ,13 g. Similar criteria were used to determine age class and reproductive condition for Tamias, with those ,65 g considered as juveniles. Many individuals were captured more than once and therefore changed age class over the course of the study. Chi-square analysis (goodness of fit) was used to assess differences in prevalence between age classes and sexes and to compare infestation rates between species.
We examined possible statistical correlations (Pearson R) among number of individuals, botfly prevalence, and percentage of individuals that were residents from 1979 to 1998 and performed cross correlation between each variable and the other 2 variables at intervals of 1-3 years.
To compare residence times of infested and noninfested individuals, we created 2 groups: infested individuals and noninfested individuals. We selected the noninfested individuals to be as similar as possible in life history to the infested individuals with the only difference being presence or absence of botflies (Munger and Karasov 1991) . We isolated the data of noninfested individuals that were the same sex, caught in the same period of 1st capture (or within 4 weeks), similar mass (within 4 for Peromyscus; within 12 for Tamias), and same reproductive status as infested individuals. From this group of noninfested individuals, we created a group that contained the single best noninfested matching individual of the same species for each individual in the botfly-infested group.
We then compared residence time and resident status of the botfly infested group to the matching but noninfested group. We defined ''residence time'' as the number of days between the 1st and last capture. We defined an individual as a ''resident'' if it was caught 3 or more times. Thus, we used residence time and resident status as 2 different ways of examining the relationship between botfly infestation and the individual's time on the study site. A general linear model analysis of variance (ANOVA; Minitab) using residence time versus species and subset was used to compare the residence times of the botfly infested and noninfested subsets (best noninfested matches). Residence times were also used to plot percentage longevity. Similar to a survivorship curve, the percentage of each subset remaining on the trapping grid was plotted over time. The percentage of each group that met our definition of a resident was calculated for each group and compared statistically.
Our examination of residence time was then refined when we calculated residence time only of individuals that were defined as residents (3 or more captures) in each group. This analysis eliminated individuals that died or dispersed in the days following their 1st capture, allowing a comparison of residence time of infested and noninfested resident individuals. Again, we used a general linear model ANOVA to compare residence times between species and subset. We compared prevalence of residents to that of nonresidents with chi-square analysis (goodness of fit).
We also compared residence time after the botfly infestation for botfly-infested individuals with a comparable set of noninfested individuals. Because many of the botfly-infested individuals were infested sometime after their 1st capture, we used the trapping period in which an individual 1st showed evidence of infestation as the period from which to choose noninfested matching individuals. Other than the trapping period, we employed the same criteria as described previously to choose matches. The purpose of this comparison was to examine the effects of botfly infestation on residence time after the infestation. This was tested using a general linear model ANOVA to compare residence time between species and subset. Results are presented as mean 6 SD.
RESULTS
Mean botfly prevalence from 1979 to 1998 was 6.95 6 6.34% in P. maniculatus, 9.09 6 6.19% in P. leucopus, and 15.07 6 12.01% in T. striatus (Table 1 ). Botfly prevalence in T. striatus was significantly higher than that of both P.
, and no discernable difference in prevalence was detected between the 2 species of 
. All 3 species were infested with botflies from August through November (Fig. 1) . Prevalence peaked in September for P. leucopus and T. striatus and in October for P. maniculatus. All 3 species had the lowest prevalence in August and November. Figure 2 shows the relationship between the number of individuals caught, the percentage that were residents, and botfly prevalence for each species. There was a significant correlation between the number of individuals and percentage residents in the same year for P. maniculatus (R ¼ 0.617, P ¼ 0.004) and a marginally significant positive relationship between number of individuals and prevalence 2 years later for P. leucopus (R ¼ 0.470, P ¼ 0.049). The relationship between the number of individuals and the percentage residents 1 year later also was significant for P. leucopus (R ¼ 0.612, P ¼ 0.005), as was the percentage of residents and prevalence 1 year later (R ¼ 0.593, P ¼ 0.007). For T. striatus, there was a highly significant relationship between prevalence and percentage of residents in the same year (R ¼ 0.648, P ¼ 0.002) and a marginally significant relationship between percentage of residents and number of individuals the following year (R ¼ 0.465, P ¼ 0.045).
Individuals of the botfly infested groups were more likely to be defined as a resident than were individuals of the noninfested groups (Fig. 3c) . These results suggest that botfly-infested individuals remained on the trapping grid longer than noninfested individuals. Residents of all 3 species showed greater prevalence than nonresidents, and mean residence times of those already residing on the grid (residents) were longer for the botfly infested groups than for the noninfested groups (Fig. 3b) .
Residence time differed significantly between the 3 species (ANOVA, F ¼ 39.87, d.f. ¼ 2,580, P , 0.001). The 2 species of Peromyscus showed similar overall residence time, and times of both were significantly less than that of T. striatus as determined by the Tukey test (P , 0.001 for both comparisons). For all 3 species, the botfly infested group showed greater residence time than the noninfested group (F ¼ 31.22, d.f. ¼ 1, 580, P , 0.001). Residence time of individuals defined as residents (!3 captures) was similar for P. leucopus and P. maniculatus but significantly longer for residents of T. striatus (F ¼ 36.45, d.f. ¼ 1, 349, P , 0.001). Again, the botfly-infested groups for each species exhibited greater residence time than the noninfested groups (F ¼ 9. (Fig. 4) showed a steeper decline in the first 2 days after 1st capture than those of the botfly infested groups. Botfly-infested-group longevity dropped less initially and remained higher thereafter. We assumed that individuals dropping out in the 1st few days after capture either died or dispersed. A higher percentage of botfly infested individuals of all 3 species showed greater longevity than those of the noninfested groups (Fig. 4) . P. leucopus and T. striatus botfly-infested individuals had the greatest longevity, as did P. maniculatus. Among the botfly infested groups, 39.8% of P. maniculatus, 35.21% of P. leucopus, and 28.91% of T. striatus were infested on 1st capture. A significant difference in residence time after botfly infestation was detected between T. striatus and the 2 Peromyscus species (F ¼ 41.21, d.f. ¼ 2, 528, P , 0.001).
Comparison of the botfly-infested and noninfested subgroups yielded no difference in residence time after botfly infestation (F ¼ 0.25, d.f. ¼ 1, 528, P ¼ 0.618), and there was no significant species Â subset interaction (F ¼ 1.30, d.f. ¼ 2, 528, P ¼ 0.273).
DISCUSSION
We found overall botfly prevalence to be 6.95% for P. maniculatus, 9.09% for P. leucopus, and 15.07% for T. striatus. Adult T. striatus and P. leucopus exhibited greater prevalence than juveniles, while prevalence in adult and juvenile P. maniculatus was comparable.
Similar to previous studies (Bennett 1955; Clark and Kaufman 1990; Durden 1995; Kollars 1995) , we also found no difference in the prevalence of botflies in males and females. Likewise, our estimates of botfly prevalence among P. maniculatus and P. leucopus were similar to that reported by Llewellyn (1978) , Timm and Cook (1979) , and Wolf and Batzli (2001) . Our findings of higher prevalence in adults than juveniles of these 2 species was consistent with the results of Miller and Getz (1969) , Hunter et al. (1972) , and Clark and Kaufman (1990). Overall prevalence for Tamias in our study, however, was much lower than values in the literature (Bennett 1955 (Bennett , 1972 Dorney 1965; McKinney and Christian 1970) , and although we found juvenile T. striatus to have lower prevalence than adults, this finding was not in agreement with the literature. Previous studies failed to detect a consistent trend in T. striatus prevalence with respect to age (Bennett 1955; Dorney 1965; McKinney and Christian 1970) . One explanation for these discrepancies may be the lack of consistent definitions for adult and juvenile Tamias. Bennett (1972) defined adults as those !85 g for T. striatus in Ontario, Canada, while our definitive weight for T. striatus was .65 g. McKinney and Christian (1970) relied solely on reproductive anatomy to classify juveniles and adults, while Dorney (1965) did not state criteria for age determinations.
All 3 species in our study had the lowest prevalence of parasitism in August and November (Fig. 1) . P. leucopus and T. striatus peaked in September, while P. maniculatus peaked in October. Dalmat (1943) , McKinney and Christian (1970), and Smith (1977) noted a similar pattern.
In our study, botfly-infested individuals had longer residence time and were more likely to be defined as residents (caught 3 or more times) than their noninfested counterparts. Additionally, resident individuals of all species had higher botfly prevalence than nonresidents. Residence time, as an indication of longevity, revealed that individuals infested with botflies at some point in their life were less likely to die or disperse in the days following their 1st capture than noninfested individuals. However, since the majority (60-72%) of botfly-infested individuals were not infested the 1st time they were captured, and thus probably already residents on the grid before infestation, it seems unlikely that the parasite caused longer residence time. Both the literature and our results suggest that individuals residing on the study area (individuals with established home ranges and burrows) are the most likely individuals to become infested (Clark and Kaufman 1990; Goertz 1966; Munger and Karasov 1991; Wecker 1962) . This is consistent with life history of botflies as well. Botflies contact their hosts at the entrance to their burrows, which may be an adaptation ensuring that botflies infest hosts that hold territories and have dependable access to resources. Therefore, transient animals without established burrows may be less likely to come into contact with botflies (but see discussion by Miller and Getz 1969) .
Residence time after botfly infestation was longer for T. striatus than Peromyscus, which coincides with the longer life expectancy of T. striatus (see Fig. 4 ). The similarity of residence time after infestation between the botfly infested and noninfested subsets suggests that a botfly infestation does not decrease the life expectancy of T. striatus, P. leucopus, and P. maniculatus. We are not aware of any studies that have focused on residence time after the capture of infested individuals. This is most certainly an area of research that deserves more attention.
The long-term patterns and effects of botfly parasitism on fecundity have not been adequately studied. In P. maniculatus Residence time of individuals in the botfly-infested and best noninfested matching subsets was used as an indication of longevity. Each point represents the percentage of individuals remaining on the trapping grid on the specified day. Initial data points for both subsets are 100%. and P. leucopus, which produce 3-4 litters per year from March through October, a botfly infestation may coincide with a female's entire gestation period (approximately 23 days King 1968; Lackey et al. 1985) . Thus, botfly infestations of P. leucopus and P. maniculatus could impact population density. In contrast, the reproductive season of T. striatus in spring and mid-to late August (Merritt 1987) does not overlap the peak season of botfly infestation.
Although botflies do not emasculate their hosts (Timm and Lee 1981) , little research has been done on the effects on litter size or other aspects of reproduction. Timm and Cook (1979) found no significant difference in reproductive development between singly infested and noninfested individuals of P. leucopus. However, botfly infestation in Peromyscus may impact the already-increased energy needs of a lactating or pregnant female (Hunter and Webster 1974) . Given that the mature larva may grow to 5% of the host body mass (Munger and Karasov 1994) , the inguinal location of a botfly also could reduce the space available for gestating young and the number or quality of sperm produced by males (Cogley 1991) . Laboratory studies comparing the lifetime fecundity of infested and uninfested individuals could clarify these issues. Ewald (1994) proposed that a successful parasite will evolve a level of virulence within its host that ensures its own survival and transmission. In these 3 small mammals, the botfly appears to survive best by having little effect on its host. However, a full understanding of the long-term effects of botfly infestation on survival of small mammals requires more experimental studies that focus on survival and fecundity following infestation.
